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done if the studies for Hawaii and Puerto Rico were active,
but work on these subjects in several mining districts could
also yield information on how ore is formed by weathering.

4. Research projects leading to the improvement of con-
ventional methods or developing new approaches for rapid
prospecting of large regions could be fruitful Such methods
might be successful in parts of the United States but would
more likely help in large virgin regions such as the Guyana
shield and parts of the Amazon Basin in South America and
remote parts of Africa. Possible research topics might be more
rapid method applications of conventional geochemical meth-
ods, the development of new geophysical-chemical ore finders
such as the in situ neutron-activation methods, and improve-
ments in geophysical and remote-sensing methods. Further-
more, remote sensing of vegetation might indicate metals with-
out chemical sampling of each soil, thereby providing a rapid,
wide-ranging method of selecting favorable ground.

Weathered materials have provided much of our resource
base in the past and will continue to do so in the future. How-
ever, if the United States is to rely on its own resources, a
resurgence of effort will be needed, both theoretical and ap-
plied.

RESEARCH PERSPECTIVE

Advancement of knowledge of weathering will aid in under-
standing how, and in what geologic environments, several types
of ores form and how mineral deposits within the reach of
weathering are eventually dissipated. The understanding of the
processes will, in turn, provide a basis for recognizing rocks
formed or altered in environments favorable for ore formation
and thereby aid in identifying exploration targets.

Improved knowledge of weathering will unquestionably aid
in the search for domestic mineral deposits; however, the great-
est application will be in developing countries in tropical re-
gions. Laterite-saprolite deposits in tropical regions contain
most of the world's current economic Al and Ni and much of
its Mn resources, and the United States will continue to be
dependent on them.

The best prospects for contributing to the discovery of do-
mestic mineral deposits are advances leading to improved
methods of finding ores under the extensive covering blankets
in the four regions discussed in the previous section. Based on
the information now available, the most likely possibility for
finding deposits of sufficient size to help blunt future supply
problems are the oxidized and enriched porphyry Cu type in
the southwestern part of the United States, for it is generally
recognized that large deposits remain to be found in this region.

Paths of research that will certainly bear fruit are coordinated
field and laboratory efforts that apply the predictive capability
of theoretical studies to the principal task of interpreting natural
environments. Such studies can provide information on how
during weathering elements are (1) released and migrate, (2)
concentrated by additive processes or by removal of contam-
inants, and (3) apparently so greatly influenced in their mobility

by subtle environmental variations. Such knowledge will pro-
vide a basis for understanding the complex chemistry of oxi-
dation and enrichment of heavy metals. It can lead to advances
such as the explanation of why some laterites are rich in Al and
others in Ni, Mn, or Fe and improved capabilities in recog-
nizing a particularly favorable geologic environment.

Finally, geochemical prospecting in general will benefit from
an improved knowledge of what happens to elements released
from, or captured by, ores during various stages of attack by
weathering.

Though many calculations of solution rates and stabilities of
Al, Fe, Mn, Ni, and other elements have been made (Garrels
and Christ, 1965; Norton, 1973; Petersen, 1971; and many
others), much remains to be learned in this field before an
adequate understanding of the origins of ores by weathering is
liHiieved. Undoubtedly, present ideas will be modified with
future improvements in thermodynamic data and knowledge
of kinetics, role of organic complexing, and metastable equi-
libria.

The enrichment of porphyry Cu deposits and other sulfide
ores by supergene processes has been studied by many re-
searchers, but several gaps in knowledge remain. Details of
the complex chemical reactions in the near-surface environ-
ment are not understood. Another debatable point is whether
the reducing environment in which deposits are enriched is
just above or below the water table.
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